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1. INTRODUCTION {#dom14015-sec-0005}
===============

Type 2 diabetes (T2D) is still on the rise worldwide with projected estimates of 700 million people with this diagnosis in 2045.[1](#dom14015-bib-0001){ref-type="ref"} T2D is associated with decreased life expectancy,[2](#dom14015-bib-0002){ref-type="ref"} as well as an increased risk of developing heart failure (HF),[3](#dom14015-bib-0003){ref-type="ref"}, [4](#dom14015-bib-0004){ref-type="ref"} with poor prognosis when both conditions are present.[5](#dom14015-bib-0005){ref-type="ref"} Diabetes is also one of the most common co‐morbidities among patients with established HF.[6](#dom14015-bib-0006){ref-type="ref"} Some glucose‐lowering drugs, such as saxagliptin and the thiazolidinediones, appear to increase HF risk.[7](#dom14015-bib-0007){ref-type="ref"}, [8](#dom14015-bib-0008){ref-type="ref"} However, sodium‐glucose co‐transporter‐2 (SGLT2) inhibitors have been shown to reduce the risk of hospitalization for HF (HHF) in patients with T2D.[9](#dom14015-bib-0009){ref-type="ref"} Furthermore, in patients with T2D and established atherosclerotic cardiovascular disease (ASCVD), the EMPA‐REG OUTCOME trial showed that, when added to standard of care, empagliflozin (compared with placebo) significantly reduced the risk of cardiovascular (CV) death by 38%, all‐cause mortality by 32%, and HHF by 35%.[10](#dom14015-bib-0010){ref-type="ref"}, [11](#dom14015-bib-0011){ref-type="ref"}, [12](#dom14015-bib-0012){ref-type="ref"} In addition, given the high risk of premature mortality and HF in patients with T2D, the choice of glucose‐lowering therapies in some patients will be made to reduce the risk of these outcomes.

The Thrombolysis In Myocardial Infarction (TIMI) Risk Score for Heart Failure in Diabetes (TRS‐HF~DM~) was developed as a practical clinical risk score for identifying patients with T2D at risk of HHF.[8](#dom14015-bib-0008){ref-type="ref"} The scoring system attributes numeric values to five risk indicators: prior HF, history of atrial fibrillation (AF), coronary artery disease (CAD), estimated glomerular filtration rate (eGFR), and urine albumin‐to‐creatine ratio (UACR). The risk indicators were found to be independently associated with HHF within the placebo arm of the Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus--Thrombolysis in Myocardial Infarction 53 (SAVOR--TIMI 53) trial, and the scoring system was externally validated in the Dapagliflozin Effect on Cardiovascular Events--Thrombolysis in Myocardial Infarction 58 (DECLARE--TIMI 58 trial).[8](#dom14015-bib-0008){ref-type="ref"} The investigators found that TRS‐HF~DM~ identified patients with T2D with the greatest potential absolute risk reduction (ARR) for HHF with an SGLT2 inhibitor.[8](#dom14015-bib-0008){ref-type="ref"} The TRS‐HF~DM~ score categorized patients into low‐intermediate, high or very‐high risk of HHF. The TRS‐HF~DM~ has thus been shown to be associated with HHF risk; nonetheless, the treatment effect of dapagliflozin on HHF was consistent throughout all risk categories.[8](#dom14015-bib-0008){ref-type="ref"} However, the association of TRS‐HF~DM~ with mortality is unknown. The aim of the current analyses were to determine whether a higher TRS‐HF~DM~ score is associated with an increased risk of CV death, all‐cause mortality and HHF in the EMPA‐REG OUTCOME trial cohort. Furthermore, we evaluated whether the mortality and HHF benefit of empagliflozin was consistent across TRS‐HF~DM~ score categories.

2. MATERIALS AND METHODS {#dom14015-sec-0006}
========================

2.1. Study design {#dom14015-sec-0007}
-----------------

This was a *post hoc* analysis of the EMPA‐REG OUTCOME randomized, double‐blind, placebo‐controlled trial. The trial methods have been previously described but, in brief, patients with T2D with HbA1c of 7.0%‐9.0% for drug‐naïve patients and 7.0%‐10.0% for those on stable glucose‐lowering therapy, established ASCVD, and eGFR ≥30 mL/min/1.73m^2^, were randomly assigned to empagliflozin 10 or 25 mg or placebo once‐daily in addition to standard of care. A total of 7020 patients were treated, and the trial continued until ≥691 patients experienced the primary endpoint of three‐point major adverse cardiovascular events (3P‐MACE).[13](#dom14015-bib-0013){ref-type="ref"} A total of 706 patients (10.1%) had investigator‐reported HF at study entry. For the current analysis, the empagliflozin arms were pooled.

### 2.1.1. Outcomes {#dom14015-sec-0008}

We explored CV death, all‐cause mortality, HHF, and the composite of CV death (excluding fatal stroke) or HHF. In addition, we also investigated 3P‐MACE, which was the primary endpoint of the EMPA‐REG OUTCOME trial, as well as incident or worsening nephropathy defined as progression to macroalbuminuria (UACR \> 300 mg/g), doubling of serum creatinine accompanied by eGFR of ≤45 mL/min/1.73m^2^, initiation of renal replacement therapy or death from renal disease. All CV, HF and mortality outcomes were adjudicated by blinded expert committees.

2.2. Statistical analysis {#dom14015-sec-0009}
-------------------------

The TRS‐HF~DM~ attributes one point to AF, CAD, eGFR \< 60 mL/min/1.73m^2^ and UACR 30‐300 mg/g, and two points to prior HF and UACR \> 300 mg/g, thus a maximum of seven points is possible.[8](#dom14015-bib-0008){ref-type="ref"} We defined three categories of low‐intermediate, high and very‐high risk as risk scores of 0‐1, 2 and ≥3 points, respectively, and patients were stratified based on their derived baseline TRS‐HF~DM~ score.

Baseline demographics were calculated according to risk categories, continuous variables given as mean ± standard deviation (SD), and categorical variables as numbers and percentages.

Cox regression analysis including the variables age, sex, body mass index, HbA1c, geographical region, treatment, TRS‐HF~DM~ score, and interaction of treatment\*TRS‐HF~DM~ score was used to investigate if the TRS‐HF~DM~ categories were associated with the risk of all‐cause mortality, CV death, HHF, and a composite of CV death or HHF in the pooled empagliflozin and placebo groups. For the same outcomes, we calculated incidence rates (patients with events per 1000 years at risk), ARRs defined as incidence rate differences and number needed to treat (NNT). NNTs were derived as the reciprocal of the difference between the control and treatment groups in the proportion of patients who experienced a CV event within 3 years of treatment with empagliflozin, assuming exponential distribution of time to events. Poisson regression models were used to calculate the ARR, including treatment with a log‐link applied by each subgroup. In the model log (days at risk) for the time to first event, censoring was used as offset. Interaction *P‐*values were calculated by *t*‐tests, using the estimated interaction effect and variance of the interaction, as determined from the delta method following Poisson regression. NNT to prevent one event per 3 years at risk was calculated using exponential distribution.

The treatment effect of empagliflozin versus placebo for CV death, HHF, CV death or HHF, 3P‐MACE, all‐cause mortality, and incident or worsening nephropathy, across the TRS‐HF~DM~ risk categories was assessed using the Cox models as described above. Interaction *P‐*values were calculated to assess whether the treatment effect was consistent across the risk categories.

All analyses were repeated in patients without HF at baseline, using the TRS‐HF~DM~ with a maximum of five points.

3. RESULTS {#dom14015-sec-0010}
==========

3.1. Baseline characteristics {#dom14015-sec-0011}
-----------------------------

Among 7020 participants, variables to calculate TRS‐HF~DM~ at baseline were available for 6952 patients (99%; empagliflozin, n = 4635; placebo, n = 2317). Based on TRS‐HF~DM~ at baseline, 49.3% (n = 3429), 26.0% (n = 1807) and 24.7% (n = 1716) patients were assigned to the low‐intermediate, high and very‐high risk categories, respectively. Baseline characteristics and concomitant medications were similar between the placebo and empagliflozin groups across the risk categories (Table [1](#dom14015-tbl-0001){ref-type="table"}). Patients in the very‐high risk category were older (mean age 65.5 vs. 61.4 years in the low‐intermediate risk category) and more often male (74.1% vs. 69.1%). Patients in the very‐high risk category had more co‐morbidities and a worse cardiometabolic profile than those in the lower risk categories (Table [1](#dom14015-tbl-0001){ref-type="table"}). As TRS‐HF~DM~ accounts for the presence of AF, CAD, eGFR and UACR, there was greater heterogeneity in these variables between the risk categories.

###### 

Baseline characteristics (overall population)

                                               TRS‐HF~DM~ category                                                                                                            
  -------------------------------------------- --------------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- --------------
  Age, years                                   65.2 ± 8.5            65.6 ± 8.3     65.5 ± 8.4     64.6 ± 8.8     64.2 ± 8.5     64.3 ± 8.6     61.6 ± 8.6     61.3 ± 8.4     61.4 ± 8.5
  Male                                         451 (75.2)            821 (73.6)     1272 (74.1)    421 (73.2)     901 (73.1)     1322 (73.2)    795 (69.6)     1574 (68.8)    2369 (69.1)
  White race                                   436 (72.7)            824 (73.8)     1260 (73.4)    416 (72.3)     876 (71.1)     1292 (71.5)    813 (71.2)     1660 (72.6)    2473 (72.1)
  Body mass index, kg/m^2^                     31.2 ± 5.3            31.1 ± 5.4     31.1 ± 5.4     31.0 ± 5.3     30.6 ± 5.2     30.7 ± 5.3     30.2 ± 5.1     30.3 ± 5.2     30.3 ± 5.2
  \>10 years since diagnosis of diabetes       392 (65.3)            711 (63.7)     1103 (64.3)    358 (62.3)     766 (62.2)     1124 (62.2)    581 (50.9)     1166 (51.0)    1747 (50.9)
  HbA1c, %                                     8.1 ± 0.9             8.1 ± 0.9      8.1 ± 0.9      8.1 ± 0.8      8.2 ± 0.9      8.1 ± 0.9      8.1 ± 0.8      8.0 ± 0.8      8.0 ± 0.8
  Baseline insulin use                         374 (62.3)            640 (57.3)     1014 (59.1)    286 (49.7)     642 (52.1)     928 (51.4)     466 (40.8)     943 (41.2)     1409 (41.1)
  Baseline sulphonylurea use                   221 (36.8)            445 (39.9)     666 (38.8)     248 (43.1)     525 (42.6)     773 (42.8)     516 (45.2)     1023 (44.7)    1539 (44.9)
  Diabetic retinopathy                         191 (31.8)            312 (28.0)     503 (29.3)     125 (21.7)     292 (23.7)     417 (23.1)     203 (17.8)     402 (17.6)     605 (17.6)
  eGFR, mL/min/1.73m^2^                        61.3 ± 19.1           60.8 ± 19.7    61.0 ± 19.5    69.5 ± 21.3    70.2 ± 21.3    70.0 ± 21.3    82.5 ± 17.6    82.8 ± 18.4    82.7 ± 18.2
  Baseline eGFR \< 60 mL/min/1.73m^2^          349 (58.2)            658 (59.0)     1007 (58.7)    209 (36.3)     449 (36.4)     658 (36.4)     45 (3.9)       93 (4.1)       138 (4.0)
  UACR                                                                                                                                                                        
  Normal                                       139 (23.2)            269 (24.1)     408 (23.8)     213 (37.0)     430 (34.9)     643 (35.6)     1030 (90.2)    2090 (91.4)    3120 (91.0)
  Microalbuminuria                             240 (40.0)            419 (37.5)     659 (38.4)     323 (56.2)     721 (58.5)     1044 (57.8)    112 (9.8)      197 (8.6)      309 (9.0)
  Macroalbuminuria                             221 (36.8)            428 (38.4)     649 (37.8)     39 (6.8)       81 (6.6)       120 (6.6)      0              0              0
  CV disease                                                                                                                                                                  
  CAD[†](#dom14015-note-0002){ref-type="fn"}   542 (90.3)            999 (89.5)     1541 (89.8)    486 (84.5)     1027 (83.4)    1513 (83.7)    723 (63.3)     1478 (64.6)    2201 (64.2)
  Myocardial infarction                        355 (59.2)            653 (58.5)     1008 (58.7)    266 (46.3)     601 (48.8)     867 (48.0)     458 (40.1)     911 (39.8)     1369 (39.9)
  Peripheral artery disease                    128 (21.3)            254 (22.8)     382 (22.3)     101 (17.6)     243 (19.7)     344 (19.0)     247 (21.6)     475 (20.8)     722 (21.1)
  Stroke                                       122 (20.3)            207 (18.5)     329 (19.2)     104 (18.1)     246 (20.0)     350 (19.4)     325 (28.5)     617 (27.0)     942 (27.5)
  Atrial fibrillation                          101 (16.8)            173 (15.5)     274 (16.0)     26 (4.5)       51 (4.1)       77 (4.3)       15 (1.3)       18 (0.8)       33 (1.0)
  Multivessel CAD                              341 (56.8)            635 (56.9)     976 (56.9)     321 (55.8)     646 (52.4)     967 (53.5)     428 (37.5)     871 (38.1)     1299 (37.9)
  Hypertension                                 573 (95.5)            1070 (95.9)    1643 (95.7)    539 (93.7)     1144 (92.9)    1683 (93.1)    1027 (89.9)    2006 (87.7)    3033 (88.5)
  Current smoker                               76 (12.7)             120 (10.8)     196 (11.4)     77 (13.4)      139 (11.3)     216 (12.0)     147 (12.9)     359 (15.7)     506 (14.8)
  Systolic blood pressure, mmHg                137.6 ± 19.0          138.3 ± 18.0   138.1 ± 18.4   137.9 ± 17.4   136.7 ± 17.3   137.1 ± 17.3   133.9 ± 15.9   132.9 ± 15.8   133.2 ± 15.8
  Diastolic blood pressure, mmHg               76.4 ± 10.5           76.3 ± 10.2    76.3 ± 10.3    76.9 ± 10.9    76.6 ± 9.9     76.7 ± 10.2    77.1 ± 9.6     76.8 ± 9.4     76.9 ± 9.5

Abbreviations: CAD, coronary artery disease; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin; TRS‐HF~DM~, Thrombolysis In Myocardial Infarction Risk Score for Heart Failure in Diabetes; UACR, urine albumin‐to‐creatinine ratio.

CAD was defined as any of the components of a history of myocardial infarction, coronary artery bypass graft, single vessel CAD or multivessel CAD.

Note: Data are n (%) or mean ± SD.

3.2. TRS‐HF~DM~ category association with mortality and HHF {#dom14015-sec-0012}
-----------------------------------------------------------

In both the placebo and empagliflozin groups, increasing TRS‐HF~DM~ category was associated with greater incidence of CV death and all‐cause mortality, as well as HHF. For CV death, the placebo incidence rates (N per 1000 patient years) were 9.1 (95% CI 6.2, 12.5), 22.7 (16.1, 30.5) and 41.2 (32.0, 51.5), in the low‐intermediate, high and very‐high risk categories, respectively. For all‐cause mortality, the placebo incidence rates were 16.1 (95% CI 12.1, 20.6), 32.3 (24.2, 41.4) and 51.4 (41.1, 62.9), respectively. Similarly, an association between risk categories and HHF, and a composite of CV death and HHF, was observed. Placebo incidence rates were 5.4 (95% CI 3.2, 8.1), 13.5 (8.5, 19.7) and 35.8 (26.9, 45.8) for HHF and 12.2 (8.8, 16.2), 32.5 (24.3, 41.8) and 67.6 (55.2, 81.2) for CV death or HHF, in the low‐intermediate, high and very‐high risk categories, respectively. Similar associations were observed in the empagliflozin group (Figure [1](#dom14015-fig-0001){ref-type="fig"}).

![Incidence rates, number needed to treat (NNT) and treatment effect of empagliflozin versus placebo by TRS‐HF~DM~ category for (A) cardiovascular (CV) death, (B) all‐cause mortality, (C) hospitalization for heart failure (HHF), and (D) CV death† or HHF in the overall population. CV, cardiovascular; HF, heart failure; HHF, hospitalization for heart failure; NNT, number needed to treat; TRS‐HF~DM~, Thrombolysis In Myocardial Infarction Risk Score for Heart Failure in Diabetes. †Excluding fatal stroke. NNTs are given as number needed to prevent one event over 3 years of treatment with empagliflozin versus placebo. 95% CIs shown in brackets: HR (95% CI)](DOM-22-1141-g001){#dom14015-fig-0001}

3.3. Absolute and relative treatment effect of empagliflozin on risk of mortality and HF outcomes by TRS‐HF~DM~ category {#dom14015-sec-0013}
------------------------------------------------------------------------------------------------------------------------

Table [2](#dom14015-tbl-0002){ref-type="table"} depicts the ARRs and the NNT to prevent one event (CV death, all‐cause mortality, HHF, and CV death or HHF) over 3 years of treatment with empagliflozin versus placebo, as well as *P‐*values for the interaction between low‐intermediate and very‐high risk categories. In analyses of subgroup (risk category) interactions with treatment effect for the ARRs, we found significantly higher ARRs for CV death, and a composite of CV death or HHF in the very‐high compared with the low‐intermediate risk category with interaction *P‐*values of 0.0105 and 0.0107, respectively. However, no significant differences were observed between the very‐high and high risk categories, or between the low‐intermediate and high risk categories. For all‐cause mortality and HHF, similar absolute treatment effects were observed across all three risk categories with all interaction *P‐*values of \>0.1. These ARRs are reflected in the NNT for CV death: 149, 39 and 21 in the low‐intermediate, high and very‐high risk categories, respectively; all‐cause mortality: 67, 34 and 25; CV death or HHF: 91, 31 and 17; and for HHF: 135, 76 and 32 (Figure [1](#dom14015-fig-0001){ref-type="fig"} and Table [2](#dom14015-tbl-0002){ref-type="table"}).

###### 

Absolute treatment effect of empagliflozin versus placebo across TRS‐HF~DM~ categories (very‐high, high and low‐intermediate risk), by ARR and NNT, for the overall population and in patients without HF at baseline

                                                           TRS‐HF~DM~ category                                                                                                                                  
  -------------------------------------------------------- --------------------- --------------------- --------------------- --------------------- -------------------- -------------------- ------------------ --------
  Overall population                                       CV death              21                    −17.6 (−28.8, −6.5)   39                    −9.1 (−17.3, −1.0)   149                  −2.3 (−6.0, 1.4)   0.0105
  All‐cause mortality                                      25                    −15.4 (−28.2, −2.6)   34                    −10.8 (−20.6, −1.0)   67                   −5.2 (−10.1, −0.3)   0.1442             
  HHF                                                      32                    −11.5 (−22.5, −0.6)   76                    −4.6 (−11.0, 1.9)     135                  −2.5 (−5.3, 0.3)     0.1171             
  CV death[†](#dom14015-note-0005){ref-type="fn"} or HHF   17                    −24.1 (−39.1, −9.1)   31                    −11.9 (−21.8, −1.9)   91                   −3.8 (−8.2, 0.5)     0.0107             
  Patients without HF at baseline                          CV death              19                    −20.1 (−33.4, −6.7)   37                    −9.6 (−17.9, −1.3)   149                  −2.3 (−6.0, 1.4)   0.0120
  All‐cause mortality                                      22                    −17.7 (−32.9, −2.5)   32                    −11.3 (−21.3, −1.3)   67                   −5.2 (−10.1, −0.3)   0.1249             
  HHF                                                      31                    −11.7 (−23.1, −0.4)   75                    −4.6 (−11.0, 1.8)     135                  −2.5 (−5.3, 0.3)     0.1219             
  CV death[†](#dom14015-note-0005){ref-type="fn"} or HHF   16                    −24.9 (−41.7, −8.2)   30                    −12.3 (−22.3, −2.3)   91                   −3.8 (−8.2, 0.5)     0.0164             

Abbreviations: ARR, absolute risk reduction; CI, confidence interval; CV, cardiovascular; HF, heart failure; HHF, hospitalization for heart failure; NNT, number needed to treat; TRS‐HF~DM~, Thrombolysis In Myocardial Infarction Risk Score for Heart Failure in Diabetes.

Excluding fatal stroke. 95% CIs shown in brackets: ARR (95% CI).

The relative treatment effect of empagliflozin versus placebo was consistent across the TRS‐HF~DM~ categories with reduction in risk of CV death, HHF, CV death or HHF, and all‐cause mortality, as well as 3P‐MACE and incident or worsening nephropathy. All *P‐*values for the interaction between treatment and subgroups were non‐significant: 0.6037 for CV death, 0.9489 for CV death or HHF, 0.7971 for HHF, 0.5428 for 3P‐MACE, 0.9943 for all‐cause mortality, and 0.7207 for incident or worsening nephropathy (Figure [2](#dom14015-fig-0002){ref-type="fig"}).

![Effect of empagliflozin versus placebo on major outcomes by TRS‐HF~DM~ category. 3P‐MACE, three‐point major adverse cardiovascular events; CV, cardiovascular; HHF, hospitalization for heart failure; TRS‐HF~DM~, Thrombolysis in Myocardial Infarction Risk Score for Heart Failure in Diabetes. †Excluding fatal stroke. Cox regression analysis for time to first event in patients treated with ≥1 dose of study drug](DOM-22-1141-g002){#dom14015-fig-0002}

3.4. Patients without HF at baseline {#dom14015-sec-0014}
------------------------------------

When considering only those without HF at baseline, the association between TRS‐HF~DM~ category and mortality and HHF was similar to that of the overall population (Figure [3](#dom14015-fig-0003){ref-type="fig"}).

![Incidence rates, NNT and treatment effect by TRS‐HF~DM~ category for (A) CV death, (B) all‐cause mortality, (C) HHF and (D) CV death† or HHF for empagliflozin versus placebo in patients without HF at baseline. CI, confidence interval; CV, cardiovascular; HF, heart failure; HHF, hospitalization for heart failure; HR, hazard ratio; NNT, number needed to treat; TRS‐HF~DM~, Thrombolysis in Myocardial Infarction Risk Score for Heart Failure in Diabetes. †Excluding fatal stroke. 95% CI shown in brackets: HR (95% CI)](DOM-22-1141-g003){#dom14015-fig-0003}

Similarly, ARRs for patients without HF at baseline were in line with those in the overall population: a significantly higher ARR with empagliflozin versus placebo was observed for CV death, and a composite of CV death or HHF, for the very‐high risk category versus the low‐intermediate risk category with *P*‐values of 0.0120 and 0.0164, respectively. ARRs with empagliflozin versus placebo of CV death were −2.3 (95% CI −6.0, 1.4) per 1000 patient years in the low‐intermediate risk category, and −20.1 (−33.4, −6.7) in the very‐high risk category, and for CV death of HHF −3.8 (−8.2, 0.5) (Table [2](#dom14015-tbl-0002){ref-type="table"}). The corresponding ARRs for all‐cause mortality were −5.2 (−10.1, −0.3) and −17.7 (−32.9, −2.5), and for HHF −2.5 (−5.3, 0.3) and −11.7 (−23.1, −0.4) (Table [2](#dom14015-tbl-0002){ref-type="table"}), with no significant differences of ARR between any of the risk categories (all interaction *P‐*values of \>0.1).

In patients without HF at baseline, the relative treatment effect of empagliflozin versus placebo was consistent across the TRS‐HF~DM~ categories, with non‐significant *P*‐values for the interaction between treatment and subgroups: 0.3652 for CV death, 0.8338 for HHF, 0.7123 for CV death or HHF, 0.5033 for 3P‐MACE, 0.9138 for all‐cause mortality and 0.8444 for incident or worsening nephropathy (Figure [4](#dom14015-fig-0004){ref-type="fig"}). These risk reductions are reflected in the NNT for CV death of 149, 37 and 19 in the low‐intermediate, high and very‐high risk categories, respectively; all‐cause mortality: 67, 32 and 22; HHF: 135, 75 and 31; and CV death or HHF: 91, 30 and 16 (Figure [3](#dom14015-fig-0003){ref-type="fig"} and Table [2](#dom14015-tbl-0002){ref-type="table"}).

![Effect of empagliflozin versus placebo on major outcomes by TRS‐HF~DM~ category, in patients without HF at baseline. 3P‐MACE, three‐point major adverse cardiovascular events; CI, confidence interval; CV, cardiovascular; HHF, hospitalization for heart failure; TRS‐HF~DM~, Thrombolysis in Myocardial Infarction Risk Score for Heart Failure in Diabetes. †Excluding fatal stroke. Cox regression analysis for time to first event in patients treated with ≥1 dose of study drug](DOM-22-1141-g004){#dom14015-fig-0004}

3.5. Adverse events by TRS‐HF~DM~ category {#dom14015-sec-0015}
------------------------------------------

Figure [5](#dom14015-fig-0005){ref-type="fig"} depicts the incidence rate ratios of pooled empagliflozin versus placebo across TRS‐HF~DM~ risk categories. Adverse event rates consistent with urinary tract infection, volume depletion and acute renal failure were similar between the empagliflozin and placebo groups across the risk categories. There seemed to be a slight difference between treatment arms for confirmed hypoglycaemia events in the low‐intermediate and very‐high risk categories, but the incidence rate ratios for hypoglycaemia requiring assistance were similar between treatment arms. The rates of genital infection were greater with empagliflozin than placebo in all categories (Figure [5](#dom14015-fig-0005){ref-type="fig"}).

![Adverse event incidence rate ratios, empagliflozin versus placebo, by TRS‐HF~DM~ category. Incidence rates are given per 100 patient years. †Based on 79 MedDRA preferred terms. ‡Based on 88 MedDRA preferred terms. §Plasma glucose ≤70 mg/dL and/or requiring assistance. ¶Based on 8 MedDRA preferred terms. ††Based on the narrow standardized MedDRA query "acute renal failure". CI, confidence interval; TRS‐HF~DM~, Thrombolysis in Myocardial Infarction Risk Score for Heart Failure in Diabetes](DOM-22-1141-g005){#dom14015-fig-0005}

4. DISCUSSION {#dom14015-sec-0016}
=============

Here, we report that TRS‐HF~DM~ is associated with all‐cause mortality, CV death, as well as HHF, in patients with T2D and established ASCVD in the EMPA‐REG OUTCOME trial cohort. Furthermore, we show that although the absolute treatment effect of empagliflozin on CV death is greater in the very‐high risk category, which was expected because of the higher underlying absolute risk, the relative treatment benefit of empagliflozin versus placebo on mortality and HF outcomes is similar across the risk categories.

The risk of developing HF is greatly increased in patients with T2D.[3](#dom14015-bib-0003){ref-type="ref"}, [4](#dom14015-bib-0004){ref-type="ref"} Furthermore, HF death contributes to a large burden of overall cause of death among patients with T2D with established ASCVD.[14](#dom14015-bib-0014){ref-type="ref"} Moreover, the risk of HF seems to persist, although slightly decreased, despite control of multiple CV risk factors, such as blood pressure, low‐density lipoprotein cholesterol and smoking status.[15](#dom14015-bib-0015){ref-type="ref"} Thus, in addition to early HF risk assessment to institute preventive measures, such as CV risk factor control, it is important to assess the residual risk of HF in patients with T2D. SGLT2 inhibitors reduce the risk of HF outcomes by one or more mechanism.[16](#dom14015-bib-0016){ref-type="ref"}, [17](#dom14015-bib-0017){ref-type="ref"}, [18](#dom14015-bib-0018){ref-type="ref"}, [19](#dom14015-bib-0019){ref-type="ref"}, [20](#dom14015-bib-0020){ref-type="ref"}, [21](#dom14015-bib-0021){ref-type="ref"} The effects of empagliflozin on HF and mortality outcomes have proven to be consistent regardless of baseline, and control of, risk factors such as HbA1c,[22](#dom14015-bib-0022){ref-type="ref"} blood pressure and lipids, and regardless of the number of traditional CV risk factors that are controlled.[12](#dom14015-bib-0012){ref-type="ref"}, [23](#dom14015-bib-0023){ref-type="ref"} A mediation analysis exploring the potential underlying mechanisms of empagliflozin\'s reduction in CV death found that changes in haematocrit and haemoglobin (suggesting haemoconcentration from reduction in plasma volume) appeared to be the most important mediators.[24](#dom14015-bib-0024){ref-type="ref"} Recent analyses from the EMPA‐HEART CardioLink‐6 trial also point towards an early and sustained effect of empagliflozin on erythropoietin production, which may additionally drive the rise in these haematological variables, and also potentially contribute to the reduction in adverse CV outcomes observed.[18](#dom14015-bib-0018){ref-type="ref"}, [21](#dom14015-bib-0021){ref-type="ref"}

Risk scores assessing the risk of CV events or mortality in people with T2D or ASCVD have been developed,[22](#dom14015-bib-0022){ref-type="ref"}, [25](#dom14015-bib-0025){ref-type="ref"} but few assess the risk of HF. Previously, our group has shown that the Health, Ageing and Body Composition (ABC) HF risk score is a good discriminator of risk of HHF in patients without known HF at baseline in the EMPA‐REG OUTCOME trial cohort, and that the treatment effect of empagliflozin was consistent across risk categories.[22](#dom14015-bib-0022){ref-type="ref"} The Health ABC HF risk score was, however, developed using an elderly population, of which only approximately 7% had diabetes. By contrast, the TRS‐HF~DM~ was developed and validated in patients with T2D and ASCVD or multiple CV risk factors (in the SAVOR‐TIMI 53 and DECLARE‐TIMI 58 trials) to identify patients at a higher risk of adverse HF outcomes, and was found to further distinguish the treatment effect on this outcome by SGLT2 inhibitors. We add to this by showing that the TRS‐HF~DM~ is also associated with CV death. TRS‐HF~DM~ is therefore an emerging valuable tool for physicians assessing HF or CV mortality risk in their patients with T2D.

In the DECLARE‐TIMI 58 trial, the TRS‐HF~DM~ was shown to be strongly associated with the risk of HHF and a somewhat weaker association with MACE and non‐CV mortality was observed.[8](#dom14015-bib-0008){ref-type="ref"} The risk score was also shown to identify patients who had greater absolute benefit of dapagliflozin versus placebo on HHF. In the DECLARE‐TIMI 58 trial, there was no overall mortality benefit observed with dapagliflozin and the effect on mortality outcomes across the TRS‐HF~DM~ categories was not explored. Accordingly, our results expand the evidence for the use of the TRS‐HF~DM~. That is, despite the presence of a greater absolute treatment benefit of empagliflozin versus placebo on CV death in the very‐high versus the low‐intermediate risk category, the relative treatment effect appears similar across all of the risk categories. For all‐cause mortality and HHF, both the absolute and the relative treatment effect of empagliflozin were consistent across the risk categories (Figure [1](#dom14015-fig-0001){ref-type="fig"}), as were the relative treatment effects on 3P‐MACE, and incident or worsening nephropathy (Figure [2](#dom14015-fig-0002){ref-type="fig"}). Thus, the findings of this study indicate that TRS‐HF~DM~ is a prognostic marker (ie, a variable which is associated with a specified outcome) for HHF, CV mortality and all‐cause mortality, but it is not a predictive marker for the relative treatment effect of empagliflozin (ie, a variable which influences the relative effect of a treatment on a specified outcome). Of course, the numbers needed to treat to prevent one event will be lower in patients with higher absolute risks, so this risk score might inform which patients will derive the largest absolute benefit.

Previously, analysis of EMPA‐REG OUTCOME data stratified by 10‐point TIMI Risk Score for Secondary Prevention (TRS‐2P) showed that treatment with empagliflozin was associated with a consistent reduction in CV outcomes (CV death, 3P‐MACE and HHF) and all‐cause mortality, across a spectrum of CV risk.[22](#dom14015-bib-0022){ref-type="ref"} Despite using different variables, the incidence rates for all‐cause mortality, CV death and HHF were markedly similar between groups stratified by TRS‐2P and TRS‐HF~DM~, showing that empagliflozin\'s benefits are consistent across a broad range of baseline risk factors.

The absolute CV mortality benefit of empagliflozin was large in those at very‐high and high risk of HF, with NNT to prevent one CV death over 3.1 years of 21 and 39, respectively. Importantly, our analysis of those without known HF at baseline showed similar results to the overall population, with increasing TRS‐HF~DM~ being associated with an increased risk of CV death, all‐cause mortality and HHF. Moreover, also in this subpopulation, the relative treatment effect of empagliflozin versus placebo was consistent across the risk categories for all outcomes explored (Figure [4](#dom14015-fig-0004){ref-type="fig"}). The absolute treatment effect as shown by NNT (Figure [3](#dom14015-fig-0003){ref-type="fig"} and Table [2](#dom14015-tbl-0002){ref-type="table"}), was also similar to that in the overall population. These results suggest that the TRS‐HF~DM~ may also be a useful tool for the assessment of mortality and HHF benefit with empagliflozin in patients with T2D without known HF.

Our study has some limitations. This is a *post hoc* analysis, and the EMPA‐REG OUTCOME trial was not designed to evaluate treatment effects across the TRS‐HF~DM~ risk categories. Also, because the population included in EMPA‐REG OUTCOME all had T2D and established ASCVD, we do not know if our findings hold true in the general T2D population, where many patients have not yet developed CV disease.

The TRS‐HF~DM~ is associated with CV death and all‐cause mortality, as well as HHF, in patients with T2D and ASCVD in the EMPA‐REG OUTCOME trial cohort. Although those with very‐high risk had a greater ARR in CV mortality with empagliflozin, empagliflozin reduced the relative risk of mortality and HF outcomes, including CV death, versus placebo consistently across the TRS‐HF~DM~ risk categories. The TRS‐HF~DM~ may thus be a useful tool for HF and mortality risk assessment in patients with T2D and ASCVD, and to identify those with the anticipated largest absolute benefit from empagliflozin. It does, however, require further validation in broader populations with T2D.
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